capacity, was used for most experiments. It was modified by the manufacturers (Drayton-Castle Limited) to operate with steam between 700 and 100°C. at pressures down to 20 in. Hg below atmospheric (Fig. 1) . The steam was admitted after preliminary evacuation of air to 29-2 in. Hg below atmospheric (20 mm. Hg absolute pressure). A Drayton 'Dial set 50' controller maintained a constant subatmospheric pressure of steam inside the chamber at a pre-arranged value, by controlling the flow of steam through the inlet valve. When the pressure fell below the preset value the inlet valve opened automatically and closed again when the correct pressure was reached. In this way, temperatures were usually kept within ±20C. of the desired values. Steam and condensate escaped intermittently through a chamber discharge valve into an evacuated condenser. The other valves were operated manually and controlled by readings from temperature gauges and barometrically-compensated absolute pressure gauges.
When formaldehyde was required, formalin A.R. (38% formaldehyde w/v) was passed through a steamheated vapouriser into the steam-to-chamber inlet pipe Received for publication 5 May 1965. before admitting steam. Subsequent evacuation to 29 in. Hg below atmospheric pressure (25 mm. absolute) removed the steam and all but a trace of formaldehyde.
Large articles were disinfected in a 55 cu. ft. jacketed high-temperature automatic dressings autoclave, which could be operated at high pressure and also, with a separate cycle, at subatmospheric pressure.
PROBLEMS ENCOUNTERED IN OPERATING THE AUTOCLAVES
In earlier experiments, condensation was often excessive, but was avoided later by keeping the jacket temperature at 100°C. with the chamber at 80°C. The contents were covered with towels or cardboard to shield them from radiant heat. Thermocouple readings showed that the shielding was effective.
Temperature control was disturbed on a few occasions when air leaked into the chamber.
TEST ORGANISMS Suspensions of the following bacteria were made in sterile serum and saline to give viable counts of 105 to 106 per ml. Overnight cultures of Staphylococcus aureus, Escherichia coli and Streptococcus faecalis, and spore crops of Bacillus subtilis, Bacillus stearothermophilus (N.C.A. 1518) and Clostridium sporogenes (N.C.T.C. 276). Cl. sporogenes spores were prepared as described by Ingram and Handford (1957) and the others as in the Report (1958a) .
Volumes, each of 0-1 ml., of all suspensions were freeze dried in small loosely plugged tubes.
Heavy suspensions of all the bacteria in serum were also dried in air on glass chips, aluminium foil, and filter paper. Oxoid spore strips of B. stearothermophilus were also used.
Survival of non-sporers after disinfection was investigated by incubating in broth for two days at 37°C. Vaccinia virus was prepared and tested by Dr. S. K. R. Clarke. Volumes, each of 0 2 ml., of a crude chorioallantoic membrane preparation of titre 105 E1D50/ml. were freeze dried in 1 ml. ampoules kept at -70°C. and opened just before disinfection. The contents of each ampoule was then suspended in Earle's saline by a Waring blender, and entirely inoculated into two HeLa cell tubes and incubated for 11 days. Control ampoules contained 106TCD50 of virus. Bacteriophage was freezedried from strong suspensions and tested for survival on propagating staphylococci (Blair and Williams, 1961 Kelsey (personal communication) . The shafts of two I in. hypodermic needles (23 gauge) were inserted into one end of each of two 3 cm. lengths of the catheter tubing and the hubs fitted to the nozzles of two 2 ml. plastic syringe barrels, previously sawn in half transversely. After inserting test objects, the cut ends of the barrels were smeared with silicone stopcock grease and tightly joined end to end by rubber pressure tubing and adhesive tape, so as to constitute a chamber which steam and formaldehyde could enter only through the catheters and needles.
Penetration through two types of paper was studied. (1) Glassine (16 lb. D.C./480 sheets) when porosity by Bendtsen tester (Hardacker, Bobb, and Wink, 1958) was nil, and (2) Alder and Gillespie (1961) showed that 50 exposures to steam at 90°C. did not damage woollen blankets, and subsequent experience has confirmed this. The blankets became markedly creased when bundled unfolded into sacks and disinfected without unpacking. The creases disappeared during use, but if desired can be avoided altogether, though at some cost in time, by folding and packing blankets in shaped bags (Alder and Leitch, 1963 The following articles were not damaged by steam alone and with formaldehyde. (Those marked * were treated once and others several times.) At 80°C.: Nylon fur; *nylon fabric; *terylene fabric; *acrilan fabric; *rayon fabric; polyurethane; teflon tubing; epoxy resins; silicone rubber; perspex (moulded and flat); cystoscopes and other endoscopic instruments with electric light bulbs; electric leads and switches and bakelite plugs; *an electric motor; *a capacitor; ball point pens without ink reservoirs (the treatment causes the ink to ooze); *a worsted suit; *clothing for disinfestation; *a baby's carry-cot; gum elastic catheters; latex rubber catheters; cuffed endotracheal tubes; Kelsey (1963) Reynolds and Lichtenstein (1952) and Vas and Proszt (1957) . Most spores were quickly killed but a few remained viable after prolonged heating. Such variability within one population has been attributed to differences in the physiological development of spores in suspensions prepared by ordinary cultural methods (Halvorson, 1957 (Report, 1958b) . Nordgren (1939) showed that if the temperature was raised and the chamber evacuated before admitting formaldehyde penetration was improved and spores coated with blood or sputum could be sterilized in two hours. The present work showed that formaldehyde in steam penetrated well into non-woollen fabrics and wide tubes after air had been removed by a highvacuum pump of the type now fitted to dressing sterilizers. Early experiments demonstrated some penetration into woollen fabric, but this was not investigated further. Penetration into narrow tubes was poor, perhaps because traces of air remaining after evacuation were not displaced by the steam. This fault is shared by ethylene oxide (J. C. Kelsey, personal communication) .
Cardboard for use in a low-temperature steam disinfector should first have been sterilized at high temperatures to destroy spores (Report, 1958a) .
Some margin of safety should be allowed when disinfecting instruments and equipment, though they would rarely be as heavily contaminated as in the experiments reported here. The following exposures, probably unnecessarily long, have been used for routine disinfection:-Steam, 20 minutes at 80°C. or 30 minutes at 70°C.; steam with formaldehyde (5 ml. formalin A.R. per cu. ft. of autoclave space), two hours at 80°C. for deep penetration through fabric and two hours at 70°C. for shallow penetration, e.g., through bleached Kraft paper, and surface sterilization.
